In the course of our screening program for active compounds that induce cell morphological changes of Saccharomyces cerevisiae, the culture broth of an entomopathogenic fungus Metarhizium sp. fE61 exhibited a unique morphological phenotype. We conducted an activity-guided isolation from the fermentation broth of Metarhizium sp. fE61 to yield two new macrolide compounds named JBIR-19 (1) and -20 (2) as active substances. Their structures were determined to be 24-membered macrolide analogs containing a 2-aminoethyl phosphate ester on the basis of NMR and other spectroscopic data. Compounds 1 and 2 induced striking elongated morphology of S. cerevisiae at concentrations of 3.1 and 13 lM, but showed weak antiyeast activity at MICs of 200 and 4200 lM, respectively. 
INTRODUCTION
Cell morphology is tightly linked to cellular processes and functions in virtually all eukaryotic organisms. In the budding yeast Saccharomyces cerevisiae, cell morphology reflects various cellular events, including progression through the cell cycle, establishment of cell polarity and regulation of cell-size control. 1 Change of the cell morphology often occurs as a consequence of cellular differentiation, cellular toxicity, other critical cellular events or signaling. Therefore, we can estimate the target of compounds from the information of yeast morphological changes induced by the compounds. In addition, the observation of morphological changes that provides a different viewpoint from antifungal activity-based screening could be one of the screening methods to discover bioactive compounds with novel skeletons, although these compounds do not show direct cytocidal activity in yeast. Accordingly, we carried out the chemical screening focusing on a specific morphology of S. cerevisiae.
We observed visually the cell morphology of diploid wild-type S. cerevisiae treated with microbial metabolites by phase contrast microscopy, and screened for inducers of abnormal morphological phenotypes. In the results, we found active ingredients in the fermentation broth of an entomopathogenic fungus identified as Metarhizium sp. We carried out activity-guided separation from the culture broth to isolate two new 24-membered macrolide compounds designated as JBIR-19 (1) and -20 (2). This study describes the fermentation, isolation, structure elucidation and biological activity of 1 and 2, in addition to the taxonomy of the producing microorganism.
MATERIALS AND METHODS

General experimental procedures
The melting point was determined with a Yanagimoto micro melting point apparatus (Kyoto, Japan). Optical rotations were operated on a Horiba SEPA-300 polarimeter (Kyoto, Japan). HR-ESI (electrospray ionization)-MS data were recorded on a Waters LCT-Premier XE mass spectrometer (Milford, MA, USA). UV and IR spectra were measured on an Hitachi U-3200 spectrophotometer (Tokyo, Japan) and an Horiba FT-720 spectrophotometer (Kyoto, Japan), respectively. The 1 H and 13 C NMR spectra were taken on a Varian NMR System 500 NB CL (Palo Alto, CA, USA) in DMSO-d 6, with the residual solvent peak as internal standard (d C 39.7, d H 2.49 p.p.m.). The 31 P NMR spectra were taken on a Varian NMR System 400 MR in DMSO-d 6 with phosphoric acid as internal standard (d p 0 p.p.m.). Analytical TLC was carried out on precoated silica gel 60 F 254 plates (0.25 mm thickness; Merck, Darmstadt, Germany), and a phosphomolybdic acid solution was used for the detection. Normal-and reversed-phase medium pressure liquid chromatography was performed on a Purif-Pack SI-60 and a Purif-Pack ODS-100 (Moritex, Tokyo, Japan), respectively. Preparative reversed phase HPLC was carried out on a Senshu Pak PEGASIL ODS (20 i.d.Â150 mm; Senshu Scientific, Tokyo,
Microorganism
The producing organism, designated as fE61, was isolated by the SDS-YE method 2 from a soil sample collected in Kyoto Prefecture, Japan. The soil was treated with a solution containing 6% Bacto-Yeast Extract (BD Biosciences, San Jose, CA, USA) and 0.05% sodium dodecyl sulfate at 40 1C for 20 min. The solution was diluted with water and plated onto potato dextrose agar plates at 27 1C for a few weeks. The fungal colonies that appeared on the plate were transferred to potato dextrose agar slant and the strains were maintained.
The fE61 strain was identified through sequence analysis of the ribosomal DNA ITS region and the microscopic feature was observed by using a Zeiss Axio Plan 2 imaging system (Carl Zeiss, Oberkochen, Germany).
Wild-type diploid Saccharomyces cerevisiae strain (BY4743: MATa/MATa; his3D1/his3D1; leu2D0/leu2D0; met15D0/MET15; LYS2/lys2D0; ura3D0/ura3D0) was obtained from the European Saccharomyces cerevisiae Archive for Functional Analysis (EUROSCARF). 3 
Medium
The seed medium, potato dextrose, was composed of 2.4 g l À1 Potato dextrose broth (BD Biosciences). The production medium consisted of 15 g oatmeal (Quaker, Chicago, IL, USA) and 50 ml V8 Mix Juice (Campbell Soup Company, Camden, NJ, USA) in 500-ml Erlenmeyer flasks.
Yeast cells were grown in a Yeast-Peptone-Dextrose (YPD) medium containing 1% Bacto-Yeast Extract (BD Biosciences), 2% Bacto-Peptone (BD Biosciences) and 2% dextrose.
Cell morphology assay
For morphological screening, diploid wild-type S. cerevisiae was grown in 96-well microtiter plates with YPD liquid media. The culture of logarithmically growing wild-type cells was diluted to 2Â10 4 cells per ml, dispensed 100 ml to each well in 96-well microtiter plates and incubated in the presence of 5% screening sample at 25 1C with constant shaking. After a day's incubation, the cells were observed by phase contrast microscopy (AXIO Imager M1, Carl Zeiss).
Antibiotic assay
The MIC determinations of 1 and 2 were conducted in 96-well microtiter plates with YPD liquid media. The culture of logarithmically growing wild-type S. cerevisiae cells was diluted to 2Â10 4 cells per ml and incubated in the presence of different concentrations of compounds at 25 1C with constant shaking. MIC was determined as the lowest concentration of drugs at which no significant visible growth occurred after a day. The cell number was observed by phase contrast microscopy (AXIO Imager M1, Carl Zeiss).
RESULTS AND DISCUSSION
Taxonomy and fermentation
The producing microorganism showed 99.2% similarity to Metarhizium anisopliae var. anisopliae (EU307926) using sequence analysis of ribosomal DNA and morphological features such as profusely branched conidiophores forming a sporulating layer and dry subhyaline phialoconidia compacted into regular chains and columns. 4, 5 Hence, the strain was identified as Metarhizium sp.
Metarhizium sp. fE61 was cultivated in a 50-ml test tubes containing 15 ml of a seed medium. The test tubes were shaken on a reciprocal shaker (355 r.p.m.) at 27 1C for 3 days. Aliquots (5 ml) of the culture were transferred to 500-ml Erlenmeyer flasks containing the production medium and incubated in static culture at 27 1C for 14 days.
Isolation
The solid culture (eight flasks) was extracted with 80% aq. Me 2 CO. After concentration in vacuo, the aqueous concentrate was partitioned with EtOAc (1000 ml) and n-BuOH (1500 ml), successively. The BuOH layer was evaporated to dryness in vacuo, and the dried residue (1.9 g) was applied to reversed phase medium-pressure liquid chromatography and developed with an MeOH-water stepwise system (0, 10, 20, 30, 40, 50, 60, 70, 80, 90 and 100%) to yield an active fraction (97.0 mg) in 80% MeOH eluate. The active fraction was chromatographed on normal phase medium-pressure liquid chromatography with CHCl 3 -MeOH (3:2). The active eluates were purified by the preparative reversed phase HPLC, developed with 75% MeOH-H 2 O, including 0.1% formic acid (flow rate: 10 ml min À1 ) to yield 1 (13.1 mg, Rt 16 min), and 2 (6.1 mg, Rt 22 min).
Structure elucidation
The physicochemical properties of 1 and 2 were summarized in Table 1 . Compound 1 was obtained as a colorless amorphous powder, and its molecular formula was established as C 26 H 48 NO 9 P by HR-ESI-MS data [m/z 550.3142 (M+H) + ], and was also supported by 13 C, 1 H and 31 P NMR data. IR spectrum showed absorbance for hydroxyl (n max 3400 cm À1 ) and ester carbonyl (n max 1730 cm À1 ) groups. The direct connectivity between each proton and carbon was established by the HSQC (heteronuclear single quantum coherence) spectrum, and the 13 C and 1 H NMR spectral data for 1 are shown in Table 2 The existence of an epoxy group at the position of C-6 and C-7 was determined by their characteristic 13 C shifts, and its stereochemistry was determined as trans by its coupling constant (J 6,7 ¼1.5 Hz). . IR spectrum indicated the presence of hydroxyl (n max 3400 cm À1 ) and an ester carbonyl (n max 1726 cm À1 ) groups. The NMR spectral data (Table 2) were similar to those of 1, and HR-ESI-MS data showed the difference of 16 mass units as an oxygen atom compared with that of 1. A peak of a phosphoric acid or a phosphoryl group at d P À0.436 p.p.m. in the 31 P NMR spectra showed as the same as that of On the other hand, the stereochemistry of the oxacyclopropane ring between C-6 (d C 60.5) and C-7 (d C 53.6) was determined as cis from its coupling constant (J 6,7 ¼5.8 Hz). Therefore, 2 was established to be an 8-deoxy derivative of 1 (Figure 2) .
We, herein, isolated two 24-membered macrolide compounds with phosphate ester 1 and 2 from the culture broth of Metarhizium sp. fE61. Metarhizium sp. is known to be entomopathogenic fungus and produces several secondary metabolites, such as nonribosomal peptides (destruxins, 6 serinocyclins 7 ), nor-triterpenoids (helvolic acids, 8 viridoxins 9 ) and polyene compounds (aurovertins, 10 NG-391, NG-393 11 ). 1 and 2 are the first report that Metarhizium sp. produces macrolide compounds. The similar carbon framework to 1 and 2 is only reported as eushearilide, isolated from Eupenicillium shearii 12 as a fungal metabolite. The structures of 1 and 2, however, differ from that of eushearilide in the presence of highly oxygenated functional groups (epoxy and hydroxyl), the substituted position of the phosphate ester and the olefinic groups.
Biological activity
We evaluated the cell morphological change of diploid wild-type S. cerevisiae by 1 and 2 using visual observation with phase contrast microscopy. The cells treated with 1 and 2 showed striking elongated morphology at the concentrations of 3.1 and 13 mM, respectively (Figure 3) . To the contrary, 1 exhibited weak antimicrobial activity at MICs of 200 mM, whereas 2 did not show antimicrobial activity at the concentration of 200 mM. As the cyclin-dependent kinases and/or mitotic cyclins mutants of S. cerevisiae indicate striking elongated morphology, the cell morphology is closely related to M phase progression in the cell cycle. 13 Thus, these results suggest that 1 and 2 inhibit M phase progression and induce striking elongated morphology. Studies on detailed biological activity of 1 are now underway. 
